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AUTOMOTIVE HEAT EXCHANGING SYSTEM 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present mvention relates to an automotive heat exchanging 

system which is applied to a motor vehicle with an automatic 
transmission, 

2. Description of the Related Art 

10 In general, the automotive heat exchanging system of this kind 

comprises a radiator mounted in the front of a vehicle, an electric fan 
located behind the radiator, a shroud covering from a periphery of the 
radiator to a periphery of the fan and forming an air passage in the shroud 
for guiding air toward an engine to get rid of excess engine heat, a shutter 

15 driven by an actuator and installed in front of the radiator, and a 
controller which controls the actuator to move the shutter between at an 
full open position and at a closed position to adjust an amount of airflow 
for cooling the engine according to a predetermined condition. 

A conventional automotive heat exchanging system constructed as 

20 the above is disclosed in, for example, Japanese patent laying-open 
publication Tokkaihei 5-133226. This system further comprises an oil 
pump to discharge a pressurized oil, a control valve modulating the oil 
pressure from the oil pump according to heat load of the engine, and an 
oil motor driven by the oil pressure supplied from the control valve. In 

25 this system, the pressure modulated oil is supplied to the oil motor for 
driving the fan and to the actuator for moving the shutter to change its 
opening. 

Another conventional automotive heat exchanging system 
constructed as the above is disclosed in, for example, Japanese patent 

30 laying-open publication Tokkai 2000-130167. This system has two 
shutters; a first shutter located in front of the area covered by the shroud, 
and a second shutter located in front of the area uncovered by the shroud. 
In this system, the second shutter is controlled to close when a vehicle 
speed is at most a predetermined speed, and the first shutter is controlled 

35 to open when a temperature of a coolant in the radiator is at most a 
predetermined temperature. 

Incidentally, the automotive heat exchanging system has a close 
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relationship to fuel consumption of an engine, for it effects cooling and 
warming up the engine and an automatic transmission. 

The engine discharges exhaust gas in the air through an exhaust 
system including an exhaust pipe, a muffler, and a catalyst converter. 

5 The exhaust gas from the engine includes pollutant components, which is 
reduced by the catalyst converter. 

The catalytic converter is activated when its temperature is more 
than a certain temperature, while its catalytic activity is reduced when it 
is not. This results in that as time for engine running at low engine 

10 temperature, during warm-up phase of the engine after engine-starting, 
becomes longer, it brings more fuel consumption, for a rich fuel-air 
mixture is supplied to the engine to bum at high temperature and activate 
the catalytic converter by high temperature gas. 

In the automatic transmission, a lock-up clutch is used for engaging 

15 an impeller and a turbine of a torque converter to reduce the fuel 
consumption. Recently, attempts to engage the lock-up clutch at a lower 
vehicle speed as possible, for example at 40 Km/h, are made for less fuel 
consumption. The lock-up at low speed, however, sometimes brings 
unwilled engine stop especially at low automatic transmission oil 

20 temperature, for an oil in the automatic transmission has a high viscosity 
at low temperature. 

At present, the lock-up is controlled based on an engine 
temperature, and disengaged in order to avoid engine stop when an 
engine temperature is lower than a predetermined engine temperature. 

25 This brings a delay of rising the engine temperature, causing 

increase of the fuel consumption. Besides, a delay of lock-up when 
warm-up after engine- starting, is brought, for the engine temperature and 
the automatic transmission oil temperature are not always correspondent 
to each other. 

30 This means that it is desirable to prevent air from passing through 

the radiator and from bypassing the radiator to flow toward the engine 
and the automatic transmission at low oil temperature after 
engine-starting. 

The above known conventional automotive heat exchanging 
35 systems, however, encounter such a problem that they are not sufficient 
for reducing fuel consumption when an oil temperature of an automatic 
transmission is low after engine-starting. 
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In the above mentioned conventional systems, the shutter is located 
in front of the radiator covered by the shroud, which causes air to bypass 
the shutter with flowing to\yard the engine and the automatic transmission 
to cool them. In addition, in the systems, the shutter is controlled based 

5 on the engine temperature, which is not always correspondent to the 
automatic transmission oil temperature, which fails less fuel consumption, 
for it takes a long time to warm up the automatic transmission oil. 

It is, therefore, an object of the present invention to provide an 
automotive heat exchanging system which can prevent air from flowing 

10 through a shroud toward an automatic transmission and from bypassing a 
shutter and flowing toward the automatic transmission for speeding up an 
automatic oil temperature to reduce fuel consumption when oil 
temperature of the automatic transmission is low. 

1 5 SUMMARY OF THE INVENTION 

According to the first aspect of the present invention, there is 
provided an automotive heat exchanging system comprising: a heat 
exchanger mounted in front of an engine and an automatic transmission 
and supplied with a coolant; an electric fan which is located in a front of 

20 the automatic transmission and ensures airflow through the heat 
exchanger; a shroud attached to and covering peripheral portions of the 
electric fan and the heart exchanger to form an air passage inside of the 
shroud for allowing airflow through the heat exchanger to flow toward 
the automatic transmission; a shutter disposed in and attached at a 

25 periphery thereof to the shroud to open and close said air passage; an oil 
temperature sensor sensing a temperature of oil in the automatic 
transmission and outputs an oil temperature signal; a controller which 
controls opening and closing of the shutter based on the oil temperature 
signal from the oil temperature sensor. 

30 According to a preferred embodiment, the automotive heat 

exchanging system further comprises an oil warmer which is supplied 
with the coolant circulating through an engine and the heat exchanger and 
attached to the automatic transmission to warm the oil in the automatic 
transmission. 

35 According to another preferred embodiment, the electric fan is 

located behind of the heat exchanger, and the shutter being located 
between the heat exchanger and the electric fan. 
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According to a still further preferred embodiment, the electric fan 
is located behind the heat exchanger, and the shutter being located behind 
the electric fan. 

According to a further preferred embodiment, the electric fan is 

5 located in front of the heat exchanger, and the shutter being located 
behind the shutter. 

According to a further preferred embodiment, the controller 
controls the shutter to open fully for allowing air to pass through the air 
passage when the oil temperature is more than a predetermined oil 

10 temperature. 

According to a further preferred embodiment, the heat exchanging 
system further comprises an engine temperature sensor sensing an engine 
temperature of the coolant and ou^utting an engine temperature signal, 
the controller controlling the shutter to open fiilly for allowing air to pass 

15 through the air passage when the oil temperature is more than a 
predetermined oil temperature and when the oil temperature is at most a 
predetermined oil temperature and the engine temperature is more than a 
predetermined engine temperature. 

According to a further preferred embodiment, the heat exchanger 

20 includes a radiator, and the controller controlling the shutter to open fully 
when the oil temperature is more than the predetermined oil temperature, 
and controlling the coolant flowing to the radiator to flow to the oil 
warmer when the engine temperature of the coolant flowing to said 
radiator is more than said predetermined engine temperature, 

25 According to a further preferred embodiment, the controller 

controls the shutter to open partially when the oil temperature is at most a 
predetermined oil temperature, and the shutter to open fiiUy when the oil 
temperature is more than the predetermined oil temperature. 

According to a further preferred embodiment, the controller 

30 controls the shutter to change opening of the shutter according to at least 
one predetermined low oil temperatures lower than the predetermined oil 
temperature. 

According to a further preferred embodiment, the heat exchanger 
includes a condenser for air conditioning, and the controller controlling 
35 the shutter to open regardless of the engine temperature and the oil 
temperature when an inlet pressure of the condenser is more than a 
predetermined pressure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, featxires and advantages of the present invention will 
become apparent as the description proceeds when taken in conjunction 
5 with the accompanying drawings, in which: 

FIG 1 is a schematic side view showing an iarrangement of main 
parts of an automotive heat exchanging system according to a first 
embodiment of the present invention, an engine, and an automatic 
transmission; 

10 FIG. 2 is a perspective view of a shutter used in the automotive heat 

exchanging system in FIG 1; 

FIG 3 is a schematic side view showing an arrangement of main 
parts of an automotive heat exchanging system according to a second 
embodiment of the present invention, an engine, and an automatic 

15 transmission; 

FIG 4 is a schematic diagram showing fluid and electric circuits 
applied to the main parts of the automotive heat exchanging system 
shown in FIGS. 1 and 3 according to a third embodiment of the present 
invention; 

20 FIG 5 is a fragmentary schematic diagram showing another 

arrangement of an oil heater and an oil warmer in stead of the fluid circuit 
shown in FIG 4. 

FIG 6 is a flowchart showing operation steps executed in a 
controller shown in FIG 4. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Throughout the following detailed description, similar reference 
characters and numbers refer to similar elements in all figures of the 
drawings. 
30 (The first embodiment) 

Referring to FIG 1, there is shown a first preferred embodiment of 
the automotive heat exchanging system according to the present 
invention. 

Referring to FIG 1 , the automotive heat exchanging system has a 
35 heat exchanger 3 comprising a condenser 1 for air conditioning, and a 
radiator 2 through which a coolant, such as water, for cooling an engine 
circulates. The system has also an electric fan 4 located behind the heat 
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exchanger 3^ a shroud 5, extending backward and forward of a vehicle, 
which is attached to and covers peripheral portions of the condenser 1, 
the radiator 2, and the electric fan 4 to form an air passage 6 inside of the 
shroud 5 for air passing through the heat changers 3 and flowing toward 

5 only the rear area of the electric fan 4, and a shutter 7 which is disposed 
in the air passage 6 between the heat exchanger 3 and the electric fan 4 
and attached at its periphery to the shroud 5. 

The shutter 7 is equipped with plural blades 8, 9, and 10 which are 
driven by an actuator, not shown, to move for opening and closing the air 

10 passage 6. Behind the electric fan 4, an engine 11 and an automatic 
transmission 12 is installed in the vehicle. 

In the following, operation of this automotive heat exchanging 
system will be described. 

When the shutter 7 is opened and the electric fan 7 is driven to 

15 rotate, air passing through the heat exchanger 3 from the front area of the 
vehicle is guided by the shroud 5 to flow in the air passage 6. The air 
passes through the shutter 7 and is discharged from the air passage 6, 
flowing toward the rear area of the electric fan 4, which cools the engine 
11 and the automatic transmission 12. 

20 When the electric fan 4 is stopped and the shutter 7 is closed by the 

actuator, the airflow passing through the air passage 6 and flowing toward 
the engine 11 is substantially halted. Besides, no air bypasses the 
periphery of the shutter 7, for its peripheral portion is attached the shroud 
5 to be sealed. Thus closing the shutter 7 prevents air in the front of the 

25 vehicle from flowing in the air passage 6 and bypassing the shutter 7 to 
flow toward the engine 11 and the automatic tr£insmission 12 and cooling 
them, which speeds up the automatic transmission oil temperature to rise 
fast. Moreover, the shroud 5 can be constructed in short lengths so that 
this automotive heat exchanging system can be adapted to a small-sized 

30 car. 

(The second embodiment) 

FIG. 3 shows an automotive heat exchanging system according to 
the second embodiment of the present invention. 
35 In this embodiment, a shutter 7 is located behind an electric fan 4, 

and also in front of and adjacent to an engine 11 and an automatic 
transmission 12. Besides, a shroud 5 extends from the periphery of a 
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condenser 1 to the periphery of the shutter 1. The shroud 5 is formed 
with an opening 13 at the under portion of the shroud 5, which always 
communicates the air passage 6 to the air. 

The other parts of the second embodiment are substantially the 

5 same as the first embodiment. 

In the following, operation of this automotive heat exchanging 
system will be described. 

When closing the shutter 7, ram air generated when a vehicle is 
cruising or air generated by the driven electric fan 4 flows into the front 

10 of air passage 6 and flows out from the opening 13 with heat exchanging 
between the condenser 1 and a radiator 2 when passing through them. 
This means that the air passing through the condenser 1 and the radiator 2 
does not flow to the rear area of the air passage 6 located in front of the 
engine 1 1 and the transmission 12, The air, therefore, fails to cool them. 

15 This results in that the coolant temperature of the engine 11 and oil 
temperature of the automatic transmission 12 go up fast. 

Accordingly, an air conditioning is available by circulating the 
coolant through the radiator with driving the electric fan and closing the 
shutter when warming up the engine 11 and the transmission 12 by 

20 closing the shutter 7. 

(The third embodiment) 

FIG 4 shows fluid and electric circuits 20 and 21 of an automotive 
heat exchanging system according to the third embodiment which is 
25 applied to the main parts of the heat exchanging systems shown in FIGS. 
1 and 3. 

The fluid circuit 20 has a thermostat 14 controlled to open and 
close by a controller 22, a water pump 1 5 to output a pressurized coolant, 
a normal-closed type shut-off valve 16, an oil heater 17 with an ON/OFF 

30 switch, an oil warmer 18 attached to an automatic transmission 12, and 
coolant passages 23. 

The coolant passages 23 comprise a first passage 23a connecting 
the outlet port of a radiator 2 and the thermostat 14 with each other, a 
second passage 23b connecting the thermostat 14 and the water pump 15 

35 with each other, a third passage 23c connecting the water pump 15 and 
the normal-closed type shut-off valve 16 with each other, a fourth passage 
23d connecting the third passage 23c and the inlet port of the radiator 2 
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with each other, a fifth passage 23e connecting the fourth passage 23d 
and the second passage 23b with each other, a sixth passage 23 f built in 
the radiator 2 and connecting the inlet port and the outlet port of the 
radiator 2 with each other, a seventh passage 23 g connecting the third 

5 passage 23c and the second passage 23b through the oil heater 17 with 
each other, an eighth passage 23h connecting the shut-off valve 16 and 
the inlet port of the oil warmer 18 with each other, and a ninth passage 
23 i connecting the outlet port of the oil warmer 18 and the second 
passage 23b with each other. 

10 The electric circuit 21 comprises a engine temperature sensor 24 

sensing a coolant temperature TE of an engine 11 and outputting a engine 
temperature signal, an oil temperature sensor 25 sensing a oil temperature 
TO of an automatic fansmission 12 and outputting a oil temperature 
signal, an engine load sensor, not shown, sensing a engine load LE and 

15 ou^utting an engine load signal, and the controller 22 which controls the 
electric fan 4, the shutter 7, the thermostat 14, and the shut-off valve 16 
based on the inputted signals from the above sensors. 

In the following, operation of these circuits 20 and 21 will be 
described. 

20 When the engine temperature TE is more than a predetermined 

engine temperature TEP, the thermostat 14 is controlled by the controller 
22 to open and connect the first and second passages 23 a and 23b with 
each other. This results in that the coolant circulates through the water 
pump 15, the radiator 2, and the thermostat 14 to cool the engme 11. 

25 The shut-off valve 16 is also controlled by the controller 22 to open and 
connect the third and seventh passages 23c and 23h with each other to 
supply the coolant to the oil warmer 18. This results in that the coolant 
warms the oil in the automatic transmission 12 when the oil temperature 
TO is low, while the coolant, being at more than about SO^C and less than 

30 the oil temperature TO (for example, about 95°C), cools the oil when the 
oil temperature TO is very high, for example, at about 135°C. 

When the engine temperature TE is low soon after starting the 
engine 11, the thermostat 14 is controlled by the controller 22 to close. 
This results in that the coolant circulates without passing through the 

35 radiator 2, while circulating through the oil heater 17 and being heated, 
which speeds up a temperature of the vehicle's cabin to rise fast for air 
conditioning. When the engine temperature TE rises to some degree. 
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the shut-off valve 16 is controlled by the controller 22 to open and supply 
the oil warmer 18 with the coolant. The oil warmer 18 directly warms up 
the oil in the automatic transmission 12, causing its viscosity to become 
low, and speeds up its oil temperature TO to rise, which reduces fuel the 
5 consumption. 

Incidentally, the above electrically controlled thermostat 14 may be 
replaced by a mechanically operated one, for example, using a bimetal . 

Instead of a parallel arrangement of the oil heater 17 and the oil 
warmer 18 with the shut-off valve 16 in the fluid circuit shown in FIG 4, 
10 a parallel arrangement' of the oil heater 17 and the oil warmer 18 may be 
used, as shown in FIG 5, with a directional control valve 19 disposed in 
the eighth passage 23h connecting the oil heater 17 and the oil warmer 18 
with each other, and a tenth passage 23j bypassing the oil warmer 18 and 
connecting the directional control valve 19 and an oil warmer's outlet 
15 side of the eighth passage 23h. 

In the following, operation of the automotive heat exchanging 
system will be described referring to a flowchart, as shown in FIG 6, 
executed in the controller 22. 

By turning an ignition key on, the engine 11 begins to run. At 
20 step SI, the controller 22 controls the shutter 7 and the thermostat 14 to 
close, and the electric fan 4 to halt. At step S2, the water pump 15 is 
driven at discharging rate of 10 L/min (liter per minute). 

At, step S3, the controller 22 reads the engine temperature TE based on 
the engine temperature signal from the engine temperature sensor 24 and 
25 the oil temperature TO based on the oil temperature signal from the oil 
temperature sensor 25. At step 84 the controller 22 determines whether 
or not the inputted engine temperature TE is more than TEP, for example 
80*C. If NOT, the operation flow goes to step S5, while, if YES, the 
operation flow goes to step SI 5. 
30 At step S5, the controller 22 determines whether or not the inputted 

oil temperature TO is more than a predetermined oil temperature TOP, for 
example 135X:. IF NOT the flow goes to step S6, while, if YES, the 
flow goes to step S 1 8. 

At step S6, the controller 22 determines whether or not the electric 
35 fan 4 is driven. If YES, the flow goes to step S7, while, if NOT, the 
flow goes to step S8. At step S7, the rotation speed NF of the electric 
fan 4 is reduced, and then the flow goes back to step S3. 
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At step S8, the controller 22 determines whether or not the water 
pump 15 is driven to discharge the coolant at 10 L/min. If NOT, the 
flow goes to step S9, while, if YES, flow goes to step SIO. At step S9, 
the water pump 15 is controlled to drive at 10 L/min, and then the flow 
5 goes back to step S3. 

At step SIO, the controller 22 determines whether or not the shutter 
is closed. If NOT, the flow goes to step Sll, while, if YES, the flow 
goes to step SI 2. At step Sll, the shutter 7 is opened, and the flow goes 
back to step S3. 

10 At step SI 2, the controller 22 determines whether or not a pressure 

Pd at the inlet port of the condenser 1 is less than 20 Kg/cm^. If NOT, 
the flow goes to step Sll, while, if YES, the flow goes to step SI 3. 

At step SI 3, the controller 22 determines whether or not the 
thermostat 14 is opened. If YES, the flow goes back to step S3, while, if 

15 NOT, the flow goes to step SI 4. At step SI 4, the thermostat 14 is 
controlled to close, and then the flow goes back to step S3. 

On the other hand, when the engine temperature TE is more than 
80°C, the flow goes from step S4 to step SI 5, and the controller 22 
determines whether or not the engine temperature TE is more than 105'C. 

20 If NOT, the flow goes to step SI 6, while, if YES, the flow goes to step 
SI 8. At step SI 6, the shut-off valve 16 is controlled to open and supply 
the oil warmer 18 with the coolant, and then the flow goes to step SI 7. 

At step S17, the controller 22 determines whether or not the engine 
load LE is more than a predetermined load LER If NOT, the flow goes 

25 to step S5, while, if YES, the flow goes to step SI 8. At step SIS, the 
thermostat 14 is controlled to open, and then the flow goes to step SI 9. 

At step SI 9, the controller 22 determines whether or not the shutter 
7 is closed. If YES, the flow goes to step S20, while, if NOT, the flow 
goes to step S2L At step S20, the shutter is controlled to open, and then 

30 the flow goes back to step S3. 

At step S21, the controller 22 determines whether or not the water 
pump 15 is driven to discharge the coolant at 10 L/min. If YES, the 
flow goes to step S22, while, if NOT, the flow goes to step S23. At step 
S22, the water pump 15 is controlled to increase its rotation speed NW 

35 and adjust the amount of the coolant flowing into the radiator 2 to get the 
Reynolds Number Re of the coolant to be 2600, and then the flow goes 
back to step S3. 
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At step S23, the controller 22 determines whether or not the electric 
fan 23 is driven. If NOT, the flow goes back to step S3, while, if YES, 
the floe goes to step S24. At step S24, the electric fan 23 is controlled to 
increase its rotation speed NF, and then the flows goes back to step S3. 
5 As described above, when the automatic transmission oil 

temperature TO is equal to or less than 135°C, the shutter 7 is controlled 
to close and prevent air passing through the heat exchanger 3 from 
flowing toward the engine 11 and the automatic transmission 12, which 
speeds up the engine temperature TE and the automatic transmission oil 
10 temperature TO to rise. This results in that when the oil temperature TO 
is equal to or less than 135t:, as far as the engine 11 is not overheated, 
warming up the automatic transmission oil, allowing the lock-up clutch to 
be engaged faster at low vehicle speed. Besides, a shifting time of fiiel 
injection control of the engine 11 from rich fiiel-air mixture supply to 
15 normal fiiel-air mixture supply can be faster. This results in that fuel 
consumption is Vastly reduced when the automatic transmission 
temperature is low. 

In the above system, the automatic transmission oil temperature TO 
rises fast by the shutter 7 being frilly opened, when the oil temperature 
20 TO is more than the predetermined temperature TOP. Besides, the 
shutter 7 is frilly opened in priority regardless of the oil temperature TO 
when the engine temperature TE is more than TEP, which prevents the 
engine from being overheated. As the controller 22 enables the shutter 7 
to open partially, the opening of the shutter 7 can be more precisely 
25 controllable, and an air conditioning control is available during partial 
opening of the shutter before fiilly-opened. 

In the above embodiments, the shutter 7 is controlled to fiiU-open 
or close, which may be replaced by a shutter controlled to change its 
opening of according to at least one predetermined low oil temperatures, 
30 for example two temperatures of 90t:, UO^'C, lower than the 
predetermined oil temperature TOP before stepSS. 

The controller 22 may control the shutter 7 to open regardless of 
the engine temperature TE and the oil temperature TO when an inlet 
pressure of the condenser 1 is more than a predetermined pressure. This 
35 results in that a cabin temperature is controlled in priority to keep a 
person or persons in the vehicle to be comfort during engine running. 

The electric fan 4 may be located in front of the heat exchanger. 
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and the shutter being located behind the shutter, which can adapt the 
automotive heat exchanging system to a small-sized car, for the shroud 5 
is lower in height and short in length than the shutter 7 and the heat 
exchange 3. 

5 

The entire contents of Japanese Patent Application 2002-313095 
(filed Oct. 28, 2002) are incorporated herein by reference. 

The present embodiments are to be considered in all respects as 
10 illustrative and no restrictive, and all changes which come within the 
meaning and range of equivalency of the claims are therefore intended to 
be embraced therein. The invention may be embodied in other specific 
forms without departing from the spirit or essential characteristics 
thereof. 
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